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SUMMARY OR ABSTRACT

The primary objective of this effort was to design, fabricate, and
evaluate by empirical analysis a Composite Bulkhead produced by a

fabrication concept utilizing vacuum and/or autoclave pressure to

hold preformed (welded) sandwich elements in place during bonding

and aging. This objective was successfully achieved.

The work included a minimum of design for the 105-inch diameter
Composite Bulkhead for the purpose of approaching space flight type
hardware upon which the principal objective (evaluation of dimensional
behavior) could be accomplished. Accordingly, the bulkhead was de-
signed and fabricated from 2219 aluminum alloy skins chem-milled on
one side only to a .060 inch thickness except in the weld land areas
where they remained a nominal .090 inch thickness. The outer skin
was assembled by welding eight (8) stretch-formed and chemically-
milled gore segments into a welded skin assembly slightly smaller
than the concave bonding and aging tool,

Final form was fixed in the approved concave forming and aging tool
by age forming the outer skin under vacuum and 60 PSIG autoclave

‘ pressure at 325°F., for 16 hours. A honeycomb core of one-inch thick-
ness HRP (heat resistant phenolic) was bonded to the outer skin with
Bloomingdale HT-424 Adhesive film cured at 325°F. for one hour at 30
PSIG autoclave pressure. The inner skin was final formed against the
core at 60 PSIG autoclave pressure for 16 hours at 325°F. and then
bonded to the core with HT-424 Adhesive for a one~hour cure period.
NOTE: No core machining operation was required or performed.

Additional cure and aging time of 6 3/L hours was applied to the inner
skin and assembly to approach the desired minimum inner skin aging time
of 24 hours to provide maximum corrosion resistance to the alloy.
Measurements of the welded skin assemblies were taken in the free state,
under vacuum, after aging, and after bonding into an assembly and were
compared with the inside contour of the concave bonding and aging tool
as the dimensional base.
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The concave bonding and aging tool made from glass fiber reinforced
epoxy plastic not only withstood the vacuum and autoclave pressures at
temperatures but also proved to have relatively the same linear coeffi-
cient of expansion of 12.5 X 1076 in./in./°F. as the 2219 Aluminum alloy
skins when heated to approximately 3L4°F, An aging growth allowance of
.001 in./in. for the 2219 aluminum alloy was the only compensation made
in the Plaster Masters used to establish dimensions, tool contours, and

adaptation for welding.

Two bulkheads were fabricated, measured, radiographically and visually
inspected, and coin tap tested. One bulkhead was destructively tested
by destructive separation of the skin from the core. The other bulkhead
was delivered to MSFC in the concave bonding and aging tool.

Although the delivered bulkhead was not required to possess actual dimen-
sions within working tolerances of the bulkhead design dimensions, in most
cases it met normal tolerances except for trim allowances. No machining
of the core was required to achieve proper fit.

It appears feasible to produce large-scale composite bulkheads whose actual
dimensions will meet production tolerance requirements if the techniques,
conclusions, recommendations, and technical data obtained from this effort
are properly utilized by the personnel designing or fabricating the larger-
scale bulkheads.,

The aluminum alloy, 2219, or other comparable age formable skins should be
used with a honeycomb core of sufficient strength to withstand the minimum
of 60 PSIG pressure required for age form final contouring of the skins,
The skins should be simultaneously age form contoured (with dummy thick-
nesses to represent the core and/or the adhesive thickness) in order to
reduce the time at temperatures of 325°F. imposed upon the core.

The bulkhead design should allow for bulge (water pressure) forming* the
skin segments. The trimmed outer skin shell after welding should either
omit a definite skirt area or the skirt area shape should provide for the
function of draft angles similar to those used on forgings in order to
permit full entry and removal of the shell or bulkhead from the concave

forming and aging tool.

Possible selection of fine grain Th condition or annealed material as the
starting condition may be advisable to avoid non-uniform or excessive grain
growth if skins cannot be preformed from T37 condition material. Close
tolerance coordination of tooling and suitable weld land design will be

*or other equally satisfac-
tory method of preforming
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required to assure proper weld land widths aftér final trim of segments
for welding. Care in removing weld beads adjacent to the core is neces-

sary for maximum bond strength.

It appears that the perennial problem of skin-to-core mismatch no~ plagu-
ing industry efforts on composite structures was overcome in this instance
and the findings and techniques from this effort are offered in behalf .of
future Composite Bulkhead Fabrication Development efforts.

¢ .
Although this effort concerned 2219 aluminum alloy, Boeing experience
with 6AIL4V titanium alloy indicates that its age formable characteristics
would be adaptable to a similar fabrication concept for composite struc-
tures by utilizing higher age forming temperatures and appropriate tools.
Confidence in the potential success of such a future effort is sufficient
to propose that future components incorporate both upper and lower bulk-
head segments and the cylindrical side skin into a single ''canoe' shaped

composite structure.

The.Boenng Company is interested in any future efforts toward extendlng
the state-of the-art on composite structures, .
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FOREWORD

This technical report covers the work performed from March 26, 1965,
through November 24, 1965, under George C. Marshall Space Flight
Center Contract NAS 8-11900 dated March 25, 1965,

This contract was conducted by The Boeing Company, Military Airplane
Division, Wichita Branch.

The work was performed under the direction of A, Virgil Gerstner
(Manager), R. E. Layton (Unit Chief, Tooling-Metalworking-Metallurgy),
and H. 0. Meserve, Jr. (Unit Chief, Chemistry Unit) of the Manufacturing
Development Section, by Raymond F. Cox, Project Engineer,

The contract was initiated by Program RED Branch of Marshall Space
Flight Center and was administered by Lloyd Bowers, Technical Repre-
sentative, and Charles Irvine, Technical Representative.- Industrial

Support Branch, Manufacturing Engineering Laboratory.
: '
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SCOPE OF WORK

Contract NAS 8-11900 was initiated to produce and evaluate a Composite Bulkhead
utilizing a fabrication concept which uses vacuum and/or autoclave pressure to
hold preformed sandwich elements in place during age forming and adhesive
bonding.

The work included a minimum of design (Fig. 1) for the Compos;te Bulkhead to
provide the hardware upon which the principal objective (evaluatlon of dimen=
sional behavior) could be accompllshed :

Included in the Scope was the design and fabrication of a concave forming and
aging tool in which the 2219-T37 aluminum alloy sandwich face sheets could be
final sized during aging to the T87 condition. The tool was to be of suffi-
cient strength and stability to withstand vacuum and autoclave pressures at
temperatures required during aging of the face sheets and subsequent adhesive
bonding cure cycles,

The work further included fabrication of associated tooling required to produce
the detail parts along with the assembly of such parts into the Composite Bulk-

head Assembly.

© i

Further, the effort included the evaluation of the completed assembly through
empirical analysis, radiographic inspection, destructive and visual inspection.

BOEIAVE|NO. NAS 8-11900

[secT |PAGE 10
Final Report




WORK PERFORMED

i Introduction

!

The Boeing Company was requested to furnish the necessary personnel, facilities,
equipment, and materials for the purpose of empirical analysis and evaluation
of a Composite Bulkhead fabrication concept which utilizes vacuum and/or auto-
clave pressure to hold preformed (welded) sandwich elements in place during

bonding and aging.

Previous background experience allowed Boeing to readily subscribe to the
possible advantages of the proposed fabrication concept. This was particularly
true where the final forming and aging of the welded face sheet is performed
under tensile stress similar to age forming. It was felt that the combination
aging, weld stress relief, and bonding operations would minimize final dimen-
sional distortion and permit closer dimensional control.

The tooling concept employed a plaster master as the means of transferring
the drawing dimensions to hardware. Splashes with appropriate allowances for
bulkhead component thicknesses were used to transfer detail part contours for

tooling.

The exact dimensions of the 'concave forming and aging tool'' were used as the
dimension base for comparative measurements under vacuum and in the free state.

ness and subsequently chemically milled to remove .030' material to create skins
(face sheets) of .060' thickness and having weld lands of ,090'" thickness.

The segments were rough trimmed and slightly chemically etched in preparation
for welding. Final trim occurred on the weld fixture, Figures 3, 17, and 18.
Tungsten Inert Gas welding of the skin gores into a shell was accomplished
with an automatic heliarc wire fed welder adapted to follow a path dictated
by the curvature of the skin and controlled by a weld fixture noted above.

Radiographic inspection of the welds was conducted and defects repaired as
necessary.

The welded inner and outer face sheets, each consisting of eight solution heat
treated 2219-T37 aluminum alloy gore segments stretch formed slightly under-
size with respect to the ''concave forming and aging tool'' were trimmed to
remove the weld bead from the surface adjacent to the core. The outer facing
sheet was mounted in the ''concave forming and aging'' tool and partially aged
in an autoclave to 'set' the contour under pressure and heat after which
distortion was checked in relationship of face sheet to tool,
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Pre-formed 1'' thickness HRP honeycomb core was applied in sections, assembled,
trimmed, and temporarily removed to permit re-cleaning and re-installation of
the outer face sheet. HT-424 Adhesive (American Cyanamid) was applied to the
face sheet and the previously prepared HRP Core was positioned on the adhesive
surfaced face sheet, The Autoclave was used to apply pressure and heat to
bond the outer core to the face sheet while the face sheet was held in inti-
mate contact with the ''concave forming and aging'' tool.

The inner face sheet was mounted against the bonded HRP Core and again the tool
was placed in an autoclave where the inner face sheet was partially aged to
"'set' the contour under pressure and heat. After cleaning, HT-424 Adhesive was
applied to the inner face sheet prior to positioning it against the previously
bonded HRP Core. Autoclave pressure was again used to provide heat and pres-
sure for cure of the adhesive while the previously bonded core-face-sheet sub-
assembly was held in intimate contact with the ''concave forming and aging"

tool.

Dimensional, radiographic, and visual analysis of both assemblies along with
destructive testing of one assembly was accomplished., ''Coin Tapping'' was ac-
complished upon both assemblies, :

Desiqnvof Bulkhead

In accordance with Article 11.3.n, of the RFQ, a minimum of design was required-
to be developed as the principal objective was the evaluation of the concept of
dimensional behavior. Face sheet weld land areas were designed to maintain a
strength level equivalent to the parent skin metal strength. The land areas
were provided on one side of the face sheets only (away from the core-to-skin

interface). (See Fig. 1).

For purpose of economy, it was determined to utilize chemical milling to remove
the .030 inch material outlined by the weld lands, and the taper from the weld
land to the .060 inch skin thickness was altered to allow the chemically milled
depth of .030 inch to result in a .030 inch radius at the weld land base.

Design and Fabrication of Tools

All tooling and fixtures employed in fabrication for this study utilized
materials and approaches intended to minimize cost in conformance with Article
I1. 3.p. of the RFQ. In the case of the basic Plaster Masters, they were fab-
ricated to permit multi-purpose operations progressively throughout the program.
The ''concave forming and aging' tool was the only tool for which a tool design
drawing was required. (See Figure 2) However, for control and continuity
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. of purpose, design drawings were prepared: for the plaster masters and their
subsequent adaptation as welding jigs. (See Fig. 3.) Other drawings used
were not included in report. The balance of the tools that referenced from
the Plaster Masters were fabricated from written planning !instructions.
Therefore, the Engineering Master Layout (developed from basic contour
formulae, Fig. 27) was converted directly to sweep template controlled
pPlaster Masters from which splashes and material thickness allowances were
transferred from the Plaster Master (PM) to control the desired part or
assembly dimensions,

Plaster Masters =-=

Accordingly the tooling phase began with the planning and fabrication of two
‘Plaster Masters. The (X) In the tool code indicates experimental, (PM) Plaster
Master, and the number preceding the tool code separates tools of like code.

One Plaster Master, 1XPM-MR&T-SK717B, was fabricated to represent the inner
surface of the 'Concave Forming and Aging Tool'.(Fig. 8, Fig. 9, Fig. 10).
A female plaster splash was removed from the Plaster Master, Fig. 10. A
male plaster splash was removed from the female spash, Fig. 11, for use in
fabrication of the 'Concave Forming and Aging Tool" (Fig. 16).

After the above splashes were removed from the Plaster Master; the 'PM" surface
representing the inner surface of the 'Concave Forming and Aging Tool'' was
removed by chipping away the surface material,

. The chipped area was refaced with a new surface representing the inner face
of the outer skin to prepare the Plaster Master for its final function as a
welding fixture for the outer skin - MR&T=-SK717B-1, Fig. 3, 17, & 19. The
second Plaster Master (2XPM-MR&T-SK717B) was fabricated to represent the inner
surface of the inner skin in the same manner as the first PM.

See Fig. 27 for contour formulae used for fabrication of Sweep Templates used
to create Plaster Master surfaces.

In conformance with Article 11.3.p. of the RFQ (Cost Minimization), the Plaster
Masters were adapted as welding jigs for the skin gore section joining opera-
tions. (Fig. 17, Fig. 18, Fig. 19.) ’

Stretch Form Tools --

Plaster splashes were removed from Plaster Master surfaces répresenting the
inner surface of both the inner and outer skins. Using these plaster splashes
with which to transfer the appropriate contour surface, stretch form tools were

completed (Fig. 13 & Fig. 14).

It was determined early in the program that the chemical milling approach would
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' be used to create the weld lands. This resulted in allowing stretch form-
ing of the inner skins as opposed to the originally considered bulge (water)
forming. Forming prior to chemical milling permitted a smooth controlled
surface of the skins to bear against the tool contour.

Chemical Milling Templates, Trim Tools, and Lore Forming Tool =--

Plaster splashes were made from the appropriate surface of the Plaster Mas-
ter and used to fabricate the outer and inner skin Chemical Milling Templates,
the outer and inner skin Trim Tools, and the Female Core Forming Tool.

In the instance of the chemical milling templates and the Trimming Tools, no
attempt was made to perfect the coordination between them and they were some-
what lacking in that final trim of the Polar Cap opening resulted in narrow
weld lands, Dimensional behavior and structural integrity of the bonded assem-
bly as related to the fabrication concept being the primary objective, it was
deemed uneconomical to develop closer tolerance control of tools not directly
resulting in beneficial information. Skins for both bulkheads, therefore,

had similar weld lands, It should be noted, however, that weld land design

and tooling must be coordinated to assure minimum weld land width after final

trim,

A minimum concept forming tool was fabricated with which to pre-form the HRP
Honeycomb Core into 8 gore shaped sections. The tool was made of laminated
Hi-Temperature Epoxy Resin impregnated glassfiber - the same as the ''Concave

‘ Forming and Aging Tool",

Concave Forming and Aqing Tool =~

See Design Drawing XBAJ-MR&T-SK717B - Bonding Jig - Composite Bulkhead (Fig. 2
and Fig. 15) for detail information.

See Fig. 16 for photograph of completed tool.

Fabrication of Detail Parts

The outer and inner skin gore sections were stretch formed to contour on a
Huf ford A-46 Stretch Press. Difficulties were encountered during initial
stretch forming attempts, The required contour could not be obtained by
stretching the 2219 aluminum alloy in the T37 condition. Successful form=
ing was, however, accomplished with 2219-T37 aluminum alloy re-solution heat
treated at 995°F. *10°F. for a minimum of 35 minutes and subsequently water
quenched. Initial efforts were accomplished upon 2219-T37 material on hand
prior to receipt of project material from the mill, Evidence of grain growth
appeared on the solution heat treated-stretch formed material.

BOESNVG|NO. NAS 8-11900
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A discussion (Telecon) with Mr. Bob Adamo, of the Reynolds Metals McCook Plant,
resulted in his expressed opinion that solution heat treated 2219 annealed or
2219-T37 (subsequently stretch formed)(although possibly experiencing minor
grain growth) would not present a major problem.

In consideration of our experience and his opinion, an attempt was made to
change our Purchase Order from 2219-T37 to 2219-T31. However, the mill was
too far along in the production of the project material to make such a change.

Due to the intent of this project to check the dimensional behavior of the
concept, agreement was obtained from MSFC to proceed with solution heat treat-
ment of 2219-T37 aluminum alloy. Certain 'orange peel' appearance occurred
after stretch forming. Laboratory analysis of a section removed from an area
representative of this condition indicates that the large grains were produced
as a result of critical deformation (cold reduction of skin thickness at the
mill) and re-solution heat treatment. It appears that the best way to have
eliminated this condition would have been to purchase the finer grained 2219-/
- T-4 or annealed material (Fig. 5).

Tensile test specimens were removed from a skin gore section that was solution
heat treated, stretch formed along with the gores for the Bulkhead and subse=
quently aged for 24 hours at 325°F. *10°F. (Fig.4).

After stretch forming the skin gore sections, they were rough trimmed in pre-
paration for chemical milling of the gores to create an .060" thick skin with
weld lands around the gore periphery of .090 inch thick.

A coating of Chemical Mill Maskant (Turco #504 - Turco Products, Inc., Wilmington,
California) .008~.010 inch thick was applied to each gore section, by dipping.

The area to be etched was un-masked and the gores inserted in Turco Etchant 13B
for completion of the chemical milling. The gores, rinsed and dried, were ready
for final trimming.

Trim Jigs, fabricated to transfer trim lines from the Plaster Masters to the
gore sections, were found to be inadequate in tolerance control. Due to the
limited number of parts involved and to the nature of the study, the trim jigs
were used only to trim the gores slightly oversize on the edges to be welded
and net at the polar cap and skirt edges. Final trim of the edges to be welded
was accomplished with the traveling head of the weld adapter of the appropriate
Plaster Master. This was accomplished by substituting a 1/4 inch Quackenbush
Hand Router in place of the Welding Torch. (Fig. 17, Fig. 18, Fig. 19.)

The edges to be welded were trimmed via this method to tolerances providing
a maximum edge gap between gore sections (before welding) of .030 inch. Only
in isolated areas did the gap exceed .030 inch and when this occurred weld
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‘ problems were encountered, See 'Bulkhead Velding'.

Although a production article would be expected to use closely developed trim
tools and consequently receive precision trim lines, developmental trimning
indicates that both the inner and outer skin should be fabricated with excess
material at both the Polar Cap and the Skirt areas to allow for final trimming.
This was evidenced by narrow weld lands occurring after trim of these areas.

Also, a contributing factor was the problem of precision location of the inner
skin with relationship to the outer skin especially during final insertion of
the inner skin into its seat against the HRP Core. More about this item in
the '"Aging and Adhesive Bonding Section''. P ~

}
]
1

- Bulkhead Welding

It was emphasized in the early stages that the purpose of this project was to
prove the feasibility of composite structure for a simulated bulkhead; not to
re-investigate process parameters for welding 2219 aluminum nor to evaluate
""hard" tooling versus ''soft'' tooling for weld fixturing. Therefore, with a
production run of only two assemblies, the decision was made to use the Gas
Tungsten Arc (GTA) Welding Process, ''soft'" tooling, and a mechanized torch
carrier with:a mechanical roller arc Iength control only. This was done,
inasmuch as the building of "hard" precise tooling with an automatic contour
following, voltage controlled welder would have been both time-consuming and

. expensive.

A1l welding was accomplished with the GTA-direct current straight polarity
helium shielded welding process. The welding speed was 20 inches per minute.
The arc length was maintained by a roller traveling immediately in front of
the welding torch. This voltage (approximately 14 V) was not constant be-
cause the soft tooling would allow localized ''tenting' under the arc flame
thereby reducing arc length. Stubbing (an electrical short produced by pene- .
tration of the welding wire into the molten puddle which automatically shuts
down the operation) occurred several times.

Initially, weld backup was attempted by a flexible laminated stainless steel
bar. The forementioned ''tenting" problem cause the weld area to pull away-

from the back-up bar causing immediate burn-through. A change was initiated
to use a fiberglass tape over a shallow fixed "U'" groove with the mol ten

metal cast onto the groove.

Manual arc welding was used to close some joints where gap exceeded .030 inch
and for rework of all burn-through, cracks, etc.

Radiographic examination (Fig. 12) indicated linear porosity of all welds;

however, the deficiency was not considered detrimental to the developmental
effort and the decision was made to proceed.
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The first completely welded outer skin assembly was considered unsatisfactory

for further operations when visually observed. Warpage in the weld land areas
were too prominent. Modifications were made to the Welding Plaster Master to

provide hold-down straps to supplement the vacuum method of holding the gores

in position., The originally welded skin was discarded and not used further.

A second outer skin was completed through the welding operation ready for

age forming. An inner skin was fabricated in the same manner as the outer
skin except the welding and control was accomplished on the inner skin Plaster
Master. The interchangeable adaptor for welding was transferred from the
Outer Skin Plaster Master to the Inner Skin Plaster Master.

Aqing, Forming, & Adhesive Bonding

Prior to loading the outer face sheet into the Concave Forming and Aging Tool,

all weld beads were removed from the surface adjacent to the honeycomb core and
from the weld land side as necessary to assure proper fit in the Concave Form-

ing and Aging Tool.

Metal removal was accomplished with a Zephyr Weld Shaver Model ZT509 (Zephyr
Manufacturing Co., Inc., Inglewood, California).

The outer skin was positioned in the Concave Forming and Aging Tool and overlayed
with a bleeder cloth and enclosed in a nylon plastic film which was sealed to

the tool excess at the skirt edge.(Fig. 22). A vacuum of 26 inches Hg was created
to force the skin against the tool. Molders-clay spheres were previously placed
strategically in 72 positions between the skin and the tool. The skin was re-
moved from the tool and the squeezed clay spheres were measured to determine
amount of mismatch between the skin and the tool (Fig. 36).

Average space between the skin and tool at the skirt resulting from 24 measure-
ments was .0283 inch. Average space at 24 locations approximately at mid-point
between the skirt and polar cap was .0297 inch. Average space at 24 locations
at the polar cap area was .0361 inch. See Data Sheet, Fig. 43, for summation
of comparisons.

The outer skin was solvent-cleaned (acetone wipe) and positioned in the Concave
Forming and Aging Tool. The skin was overlayed with a bleeder cloth and enclosed
in a nylon plastic film which was sealed to the tool excess at the skirt edge
(Fig. 22). A vacuum of 26 inches Hg was created between the tool and vacuum

bag and the ‘set-up' was tested to assure that no leaks were present.

The loaded tool was placed in an autoclave (Fig. 23) and pressurization began.
At seven (7) PSIG positive autoclave pressure the vacuum was ported to the
atmosphere and pressure was increased to sixty (60) PSIG. (See Fig. 28 for
aging cycle) Upon completion of the aging cycle (Fig. 20) the skin was

O TINENO. NAS 8-11900

REVLTR: , | SECT |PAGE |,
Final Report

E-3033 R



‘ removed from the tool and measurements were taken in the same manner as before.

Average space at the skirt was ,0166 inch, average space at the center location
was ,0188 inch, and average space at the polar cap was .019 inch. See Data
Sheet, Fig. 43, for Summation of Comparisons.

Previously preformed HRP Honeycomb Core was placed within the aged outer skin
and final trimmed to assure proper fit for splicing. After removal of the
fitted core, the outer skin was chemically cleaned by vapor {trichlorethylene)
degreasing and etching it in Turco Etchant 13B to remove .0004~,0006 inch

material from all surfaces.

The outer skin was repositioned in the tool using previously established
index points to.assure replacement of the skin in its original position of
aging. HT-424 Adhesive (American Cyanamid Co., Bloomingdale Rubber Dijv.)

was applied smoothly and evenly to the surface of the skin. The HRP Honey-
comb Gore Sections were placed in position against the core and Foam Adhesive
(Thermofoam 607 ~ Adhesive Engineering Co.) was placed in all core splices.
The splice areas were covered with protective film and the assembly was
prepared for aging in the same manner as was the outer skin.

The skin to core adhesive bonding cure cycle was accomplished in the autoclave
using a positive pressure of 30 PSIG (Fig. 29). Preparation, bagging, and - -
test of vacuum bag were handled in the same manner as for the outer skin.

l Upon compfetion of the cure cycle the assembly was not removed from the tool.
(Fig.Zl). The core was observed and ‘the inner surface was determined to be
smooth and of regular curvature that would not require machining.

At this stage, the welded inner skin was positioned against the HRP Core surface,
bagged, and subjected to an aging cycle (Fig. 30) the same as was the outer skin.
At this stage, the inner skin was removed from the outer skin—gore assembly

and molders~-clay spheres placed in the same relative 72 positions used for
checking the outer skin.

The inner skin was repositioned in its location of aging (using the established
index points) and (26) inches Hg of vacuum was again used to seat the parts in
the tool. Upon removal of the inner skin the molders-clay spheres were found
to be relocated within the core cells indicating intimate contact had been
attained over the entire surface between the skin and core,

This being further proof that no core machining was necessary, the inner skin
was chemically cleaned by using Turco Etchant 138 to remove .0004 to .0006
inch of material from all surfaces of the inner skin. HT-424 Adhesive was
applied to the inner surface of the inner skin, and foam adhesive (Thermofoam
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607) was added to. core splice areas having insufficient amounts of foam.

The inner skin was lowered into the outer skin-core assembly which was not
removed from the tool after the outer-skin-to-core bonding operation,

The lowering of the inner skin progressed smoothly until the last two inches
of the skirt area reached the core at which time the adhesive on the skin
tended to adhere to the core and movement of the skin ceased, A transparent
nylon film was applied to the inner surface of the inner skin, sealed to the
tool at the skirt edge, and vacuum was slowly drawn to force the skin into

its final position. In this manner the inner skin slipped easily into posi-
tion with the added advantage of capability to guide the skin into its proper
place. Indications were that design consideration should assure that the
structure at the skirt area does terminate without any length of wall closely
paralleling the vertical centerline of the bulkhead. The assembled bulkhead
was again bagged with a nylon film vacuum bag and subjected to autoclave pres=-
sure of 30 PSIG at 325°F for bonding, curing, and additional aging (Fig. 31).
The vacuum bag was removed from the bonded assembly (Fig. 23) and the assembly
was removed from the Concave Forming and Aging Tool (Fig. 24, 25, & 26).

Visual appearance was good. No unbonded ”éans“k indentations, etc, were

noted,
The template (used for sweeping the original surface of the PM, from which the
‘ splash for the Concave Forming and Aging Tool was removed) was placed against

the outer surface of the completed assembly, By shifting the template towards
the polar cap, the template and assembly contours were noted to be in close
proximity. By locating the template according to the originally established
Template Master Layout trim line, the assembly contour was noted to deviate from
the template beginning at the skirt trim line at ,105 inch deviation which grad-
ually disappeared to zero (0) deviation at 12 inches from the skirt trim line,
Deviation again appeared at a point approximately 30 inches from the Polar Cap
trim line and increased gradually until at the Polar Cap trim line the deviation
was again approximately ,.100 inches. This condition could be compensated for by
fabricating the assembly with excess material at both the skirt and polar cap
areas to allow for trim lines to be located in relation to the final assembly
curvature. Also, it would appear necessary that a new ellipse equation be used
to compensate for stresses other than precipitation aging growth.
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;n analyzing the Measurements?and Calculations (Fig. 43 & Fig. 46)
taken of final fully aged part, it appears that thé contour follows
the ellipse equation of X2 + 2Y2 = 52.52 used on the scale bulkhead
assembly MRET-SK717B in that the required part and the fabricated
part are in the family of eflipses whose axes coincided and the

normal distance between parameters is constant.

The final part is slightly undersize (.020 inch) with a slight
depression in the polar area. This deviation would indicate that

physical or mechanical conditions prevented predicted growth during

the aging and bonding treatment. ,

This may be rationalized as being due to difference in rate of

expansion and/or contraction between weld bead material and ad-

joining material during the aging process.
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Molding clay spheres were again placed in the forming and aging tool in the
original 72 locations used for previous comparisons. The bonded assembly was
positioned in the tool using previously used index points and the assembly
was seated in place with (2) inches Hg vacuum, Vacuum was released, the
assembly removed from the tool, and the compressed nodules of molders-clay

were measured (Fig. 38).

The average space between the bonded assembly and the forming-aging tool at
the skirt was .0196 inch. At the mid-point the average space was .0202 inch,
At the polar cap area the average space was .0328 inch. ;

The set-up and measurements were repeated except that 2h inches Hg vacuum was
used to seat the assembly in the tool (Fig. 39). '

The average space between the bonded assembly and the forming-aging tool at
the skirt was .0153.inch.

The average space at mid-point was .023 inch and the average space at the Polar
Cap area was .025 inch., See Data Sheet Fig. 43 for Summation of Recordings.

The assembly was visually observed by combined Boeing and NASA representatives
who agreed the results were highly encouraging and largely successful.

A
The second assembly was fabricated in much the same manner as the first except
that autoclave pressures were reduced to 40 PSIG. The question had been raised
as to the possibility of accomplishing the same results by use of atmospheric
pressures or some pressure less than the 60 PSIG used for the first assembly
aging. It was felt that reducing the pressure used on the second assembly to
L0 PSIG could result in useful information without jeopardizing the intent of

the study.

The aging and cure cycles for the second unit are represented by Fig. 32 thru
Fig. 35 with comparative measurements represented by Fig. 40 thru 42,

'"In process' measuring of the skins of the second assembly were reduced; however,
complete measurement of the bonded assembly was accomplished the same as on the
first assembly.

It may be noted that although approximately comparable results were obtained
at the skirt area of each assembly, the results were poorer in the polar cap
area. It may very well be that pressures greater than the 60 PSIG used on
the first assembly would result in closer tolerance control,
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’ Destructive Test, Radiogrephic Examination, and Specimen Testing

The first bonded assembly was subjected to radiographic examination (Fig.44)
which showed the HT-424 Adhesive to be evenly distributed, splices well fitted
and bonded. There were no crushed cells or node separations, and the general
quality of the core was excellent.

Linear Porosity and lack of penetration were noted in the welds; however, none
of the weld defects appeared to be more than 30% of weld thickness (Fig. 12).

Visual appearance of the assembly was such that it was determined that it
would be set aside until completion of the second assembly at which time the
assembly with the lesser quality, visually and empirically, would be chosen

for destructive testing.

The second bonded assembly was subjected to radiographic examination (Fig.h5)
which showed the adhesive to be evenly distributed. Splices were well fitted
and bonded. There were no crushed cells or node separation. The general
quality of the core was good. Welding linear porosity and lack of penetra-
tion also appeared in the second assembly.

The second assembly as evidenced by Fig. 41, although still of good contour and
well pressurized during its fabrication, had greater average deviation between
the assembly and the tool, less retention of form and/or more dimensional change
during the heating and cooling of the final adhesive bonding cycle. Therefore
. the second assembly was chosen as the unit to be destructed for visual observance

of quality.

Destructive testing began with the sectioning of the entire assembly into pieces
approximately 2.5 square feet in area, after which one skin was removed. The
method of removal consisted simply of clamping one corner of a skin to a table
and physically peeling the opposite skin from the core.

Observation resulted in the following comments:

1. Intimate contact was obtained between skins and core in all areas other
than directly under the weld lands.

2. 1In all weld land areas where such weld lands were prepared without sharp
contour deviation, unremoved excess weld bead, etc., the contact between 5
core and skin was sound. It should be noted that the weld land areas
are problem areas and this method will not compensate for sharp devia- |

tions of skin surface.

Although the age forming of the skins tends to overcome some irregular-
ities, there can be no substitute for adequate preparation of weld land

areas on the core surface.
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. It should be noted that, during the welding problem period, a pair
of gore segments of .090 inch thickness (not chemical milled to in-
clude weld lands) were welded. Indications were that less distortion,

€ tenting, mismatch, etc., were encountered with the thicker material,
| weld land design should not only have idequate width to meet struc-
tural requirements but should be wide enough to transfer restraining
pressures and to act as a heat sink.

3. Core splice areas, where the core was held in close proximity during
the pre-splice preparation of the gore segments, resulted in good
bonds and pressure patterns. Areas between core gore segments,
which were incompletely filled during the adhesive bonding cure
cycle of core-to-outer-skin and which received additional Thermo-
foam 607 at the time of final adhesive cure of core-to-inner-skin,
resulted in poor adhesion of the added foam,

It is surmised that this condition resulted from the original foam
being subjected to the inner skin aging cycle prior to foam addition.
‘ Therefore, foam splice of core should be complete prior to aging of

l the inner skin, if such core is used as a separator during aging.

& 5. Although both skins were adequately bonded, the inner skin was the
9 v one that peeled from the core in nearly every case. This may be an
indication that minor contamination may be resulting from volatiles

’ being given off of the HRP core during the long aging cycle of the

} . inner skin. Adhesive priming of the core may be necessary for maxi-
mum adhesion. These problem areas may be circumvented by using a

slip sheet to reptace the core during aging forming of both skins

simultaneously.,

Test Specimens were prepared and testéd as folliows:

In order to provnde a means of comparison to determine the effect of long-~
time cycles at 325°F.: The aluminum used was 2219-T37 chemically-milled
from .090 inch thick to .040 inch thick for lap shear specimens and .020
inch thick for peel specimen skins; the core was aluminum core. The peel
test results should be contrasted to a minimum average requirement of 15
in.1b, per 3 in. width and the Lap Shear Test results should be compared

to 1350 PS| average requirement.

One Set of Lap Shear Specimens and One Set of Climbing Drum Peel Specimens
were prepared and cured with the outer-skin-to-core adhesive bond (Fig.33).
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. These specimens were also subjected to the inner skin age forming cycle and
inncr-skin-to-core adhesive bonding cycle. A second set of specimens was
prepared anrd bonded only with the inner-skin-to-core ?dhesive bonding cycle

(Fig.35).

The test results for the specimens subjected to multiple cycles are shown
by Fig.6. Results of the specimens cured with final adhesive cure only

are shown by Fig. 7.
Some deterioration is indicated to be induced by the long-time curing.

It is not inconceivable that the age fdrming of the outer and inner skin
could be accomplished simultaneously, eliminating this effect.

It should be noted that with reduction in strength, the specimens exceeded
typical minimum requirements of the adhesive bonding industry for this

adhesive system.

Comparison of Bulkhead Assembly to Tool at Skirt Edge --

104.969 inches = Avg. Dia. of tool excluding weld land relief (Fig. 36 & 37).

Avg. Dia. of tool less Avg. Deviation between assembly

104.9298 inches ,
and tool (Fig. 38) (104.9298 - .0196 - .0196 = 104.9298)

® 104.9898 inches = Avg. Dia. of Assembly -- 104.9298 + .060 (weld land thickness)

Reduction to forty (LO) PSI autoclave pressure used for processing the second
assembly appeared to have very little effect at the skirt area; however, the
effect was more pronounced at the polar cap area. (See Fig. 43.)

It appears that a minimum of 60 PSI autoclave pressure is necessary and that
more pressure may provide increased dimensional control and should be used

consistent with core compression resistance capability.

POEIVE|NO. NAS 8-11900

| REVLTR: | | SECT JPAGE 24
Final Report : ’

E-3033 R?Y i
: i

“




Conclusions

—_—

1. The aluminum alloy 2219 can be pre-formed aind subsequently age formed to
tolerances required for adhesive bonded honeycomb sandwich structures,.

2. The 2219 aluminum alloy skin gore segments for this design were not
successfully stretch formed in the T37 condition.

3. Successful stretch forming was accomplished by re-solution heat treatment
of 2219-T37 aluminum alloy.

L, Excessive grain growth resulted from the re-solution heat treatment com-
bined with previous cold reduction that induced critical strain occurring
at the vendor's facility.

5. Non-uniform grain size can be eliminated by starting the operation with
the finer grained Th condition or with annealed material.

6. Close tolerance coordination of tooling and suitable weld land design
will be necessary to assure minimum weld land width after final trim and
also to provide adequate heat sink for welding.

7. Aerospace quality welding was not accomplished with the minimum concept
. tooling used for this program.

8. Provisions will be necessary for the precise location of the inner skin
in its proper position, prior to adhesive bonding it to the outer skin-
core subassembly (particularly with respect to rotation away from the
common vertical centerline).

9. Design consideration should assure that the structure at the skirt area
does terminate without any length of wall closely paralleling the vertical
centerline of the bulkhead for the same reason as draft angles are provided

on castings and forgings.

10, Excess material should be provided at the skirt and polar cap zones with
corresponding allowance of weld land width to provide Manufacturing with
trim (pay-off) material,

11. Minimum aging and bonding pressures of 60 PSIG should be used; core of
suitable compression resistance must be selected if higher pressures
are used,
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12.

13.

15.

‘ REVLTR:
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16.

Close tolerance preparation of the weld land on the core side of the
face sheet is necessary.

The adhesion of the inner skin to the core, although well bonded, was
not as great as the adhesion of the outer skin to the core. Although
the cause was undetermined, it may be attributed to the extended heat-
ing time the core receives during the inner skin aging cycle. The
simul taneous performance of inner and outer skin aging prior to bond-
ing could eliminate such potential problem area.

The close dimensional match of the skin to the core, achieved by the
general concept suggested in the Request For Quotations, was superior
to any techniques previously employed by or familiar to the contractor
for bonding of large dual metal skin shells of compound contour.

The filleting action of the adhesive to the core did not appear to be

as prominent on the HRP core as is normally viewed where aluminum core

is used. This may be due to the insulative characteristics of the non-
metal core. Although the destructive test showed adequate bond strength,
it could perhaps be increased by use of heavier weight adhesive film,
HT-424 Adhesive overlap, occurring in some areas, did not affect the
core~to-skin pressure patterns but did appear to cause somewhat improved
filleting action between core and skin,

Foam splice adhesive added during the core-to-outer-skin-to-core bonding
operation, and later subjected to the inner skin aging cycle did not
adhere properly to the foam-splice adhesive added during the inner=-
skin-to~core bonding operation. There appeared to be some non-visible
contamination on the surface of the earlier cured foam adhesive, possibly
from volatiles that may have been expelled by the long-time heating

of the core.
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Rececmendations

It is recommended tha@t

I.
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E-3033 R1

This concept be further explored by design and fabrication of a
complete large scale composite bulkhead, the design to include
cylindrical-skin-to-bulkhead transition joint construction.

Such large scale assembly utilize the bulge forming or equally
satisfactory method of pre-~forming the skin segments.

Age forming of both the inner and the outer skins be accomplished
simultaneously with a separator sheet simulating the honeycomb
core thickness. Such age forming to be done prior to the adhe-
sive bonding stage. The age forming and adhesive bonding tool
for large scale assemblies could encompass the general concept
depicted by Fig. 47. ‘

Investigation be made to determine insulative capability of per-
forated honeycomb core sandwich structures that have had a vacuum
created within the core area between the face skins. Reduction
of boil-off of liquid oxygen or hydrogen could result.

A study be made to prove feasibility of fabrication honeycomb
sandwich structures with face sheets of 6AILV titanium using the
age forming approach to close tolerance fabrication. A cursory
evaluation by Boeing-Wichita resulted in strong indications of
feasibility. ‘

A study be made to prove feasibility of age forming 6AI4V titanium
face sheets in larger sections which would include not only an upper
and lower bulkhead segment but also to include in the one piece, a
cylindrical skin section. The shape of the resulting larger section
would resemble a canoe having elliptical end segments.
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INS 438 W (13 THE & L_..J” u’J COMPANY
. MILITARY AIRPLANE OIVISION - WICHITA BRANCH

.’ WICHITA, KANSAS, 67210

() QUALITY CONTROL LABORATORY REPORT QQ__ lo3sr
o Date-lgf-‘;?”_ég___Submiﬂed by 3260 = Ge Beard Prepared by 3070 ~ Ray Cox 5880
: DEPT. NO. INSP. OR SHOP SUPV, DEPT, NO. NAME PHONE
‘ ’ Description: RN.__ = __ Part No MR&T-SK717D-1 P.O Quantity Rec'd
Material 2219-T37 Aluminum Alloy Vend.or
No. of Samples 1 No. of Pieces 1 Spec. No Copies to 3260 - GBeard /].c/c
DEPT. NO. : NAME
3070 -~ RCox lcc
Check grain structure to determine USAF -~ Chief,Q.Ce 1lcc

Information Requested <
: cause of orange peele.

DZ:mm

One part, MR&T-SK717D~1l, was submitted to the Quality Control Laboratory for the
purpose of determining the cause of the orange peel. The material used in making
the part was 2219-T37 aluminum alloys The material was re-solution heat treated
and stretch formed in the (W) condition. After forming the part was chem milled

. on one side,

As shown in Figures 1 and 2 the orange peel produced during the forming operation
was a result of the large grain in the part. As can be noted the orange peel
area was in the area of large grain sizes The small grain size area had no orange
peel produced as a result of the forming operation. The large grains were pro-
duced as a result of critical deformation and re-solution heat treatment., Critical
deformation or critical strain can be defined as the percentage of strain at which,
or immediately higher than which, large grain growth occurs during heating. The
critical strain is between 6 and 12¢ depending on the alloy, original grain size,
heating rate, time at temperature, etc. It should be noted that 2219-T37 implies
that the material has been cold reduced about 8% after solution heat treatment.
This cold reduction was the source of the critical deformations The best way to
eliminate non-uniform grain size in the finish product is to purchase a fine grain
Th or annealed material.

The part was destroyed in testing and the remmants returned to 3260 = G. Beard.

- Continued =

Prepared by Approved by.

Figure 5 : NAS 8-11900



' Page - 2 -
Q49357

PHOTO NO. 820 MILLED SIDE PHOTO NO.» 82! NON-MILLED SIDE

Figure 1 Mag. 1X Figure 2 Mag. 1X

The above photographs reveal the large grains on the chem-milled side of the part and
the orange peel surface on the non-milled side of the plate. Holes were drilled
through the plate at A, B, C, and D as index points.

Prepared by D, Zabel Approved by 0.R. Borngesser

PROJ. 78.57 FIG. 5, Pg.2
NAS 8-11900 BW- 17244k




e /,’j"?‘/‘?;/? ?‘W‘JE COMPANY

MILITARY . RPLANE C'VISION NICHITA BRANCH

INS 438 W R13

3

° . WICHITA, KANSAS, 67210
|
X X QUALITY CONTROL LABORATORY REPORT () 50053

Ve _
Date_ 10+28-65 ¢ tmitted by 3070 = Ray Cox Prepared by__ 2260 = Heckathorn 5880
DEPT. NO. INSP. OR SHOP SUPV., DEPT, NO. NAME PHONE

5 Description: R.N Part No. IRST=SK717B~3 po .. .—Quantity Rec'd 1
! : 1st Stage
‘ Material VYendor

No. of Samples_____________No. of Pieces Spec. No BAC 51,50 Copies to_ 3070 = RCax %

DEPT. NO. NAME
USAF - Chief,Q.C. lcc
Pull all lap shear samples.

Information Requested

Cemm

The lap shear and climbing peel tests on BMS 5-17 adhesive were conducted in accordance with
the requirements of Specification BMS 5~17. The following data were obtained:

LAP SHEAR TENSIIE - CLIMBING PESL
Panel #1 Panel /72 Peel Torque
\Specimen Load (Ibs,) Specimen Load (Lbse) Specimen (In. Lbse Per 3 In,)
1 9202 1 980 1 36
2 850 2 970 2 37
3 81,0 3 9204 3 35
L 850 h 890 L 36
5 9303 5 890 5 36
- — 6 36
Average (PSI) 1760 Average (PSI) 1860
- Average 36

#These specimens slipped in the jaws and were cooled and re-cycled for another full ten
minute cycle,

The specimens were destroyed and the remnants returned to Dept. 3070,

(:“:A . . oot ,./:y’
Max Collier Approved by 0.R. Borngesser F. .- i - i

Prepared by
Figure 6 NAS 8-11900



T™E 4L 'L o i/fyaﬂ' COMPANY

Information R

iNS 438 w R13
. ’ MILITARY AIRPLA .. DIVISION - WICHITA BRANCH
WICHITA, KANSAS, 67210
7 . : "’3 5005}
, - QUAUITY CONTROL LA3ORATORY REPORT 3./ 2
VL \ : .
Date_ }Q_fgﬁq”'ég___Sumeed by " 3070 - Ray Cox Prepared by __ 3260 - Heckathorn 5880
DEPT. NO. INSP. O SHOP SUPY, . DEPY. NO. NAME PHONE
Description: R.N Part No._IEST-SK717B~3 po _.—Quantity Rec'd.
2nd Stage '
Material Vendor.
No. of Samples. .. No. of Pieces Spec. No._ BAC 5150 Copies to 3070 - RCox _26¢
DEPT. NO. NAME

USAF - Chief,Q.C. lcc

equested

Pull all lap shear samplese

10 :mm

The lap shear and climbing peel tests on BNMS 5-17 adhesive were conducted in accordance with

the requirements of Specification BMS 5-17,

The following data were obtained:

TAP SHEAR TENSILE CLIMBING PEEL
. Pa.nel #1 Panel #2 Peel Torque

Specimen Load (Ibs.) Specimen Load (Ibs,) Specimen (Ine. Ibse. Per 3 In,)

1 950 1 990 1 51

2 850 2 940 2 L6

3 870 3 - 90 3 50

L 890 b 960 h L5

5 930 5 930 5 L9

== == 6 15

Average (PSI) 1800 Average (PSI) 1900
Average 48

#These specimens slipped in the jaws and were cooled and re-cycled for another full ten
minute cycle.

The specimens were destroyed and the remnants returned to Dept. 3070,

Prepared by,

£ . .
[ LR TN . - . LI

Lo PR
’ ISR S

Approved by. O.R. Borngesser |, ‘" R

Max Collier

Figure 7 MAS 8-11900
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e Vo dy FoW 0
THE .. -,-;’74‘;', o &/’_J COMPANY

INS 338 W R
. MILITARY . \RPLANE DIVISION - WICHITA BRANCH
b WICHITA. KANSAS. 67210
@) TATORY REPORT () 183594
. ‘ QUALITY CONTROL LABOTATO e
\‘xbéte 10-7-65 Submitted by.. 3070 - Ray Cox , Prepared by_;l‘810 - F. Liscum —
DEPT. NO. INSP OR SHOP SUPY. DEPT. NO. NAME ; PHONE .
Description: RIN._ _ _Part No MRET-SKT17B P.O e e Quantity Ree'd . :
' Material__Unbonded Skin of Dome Vendor
i
No. of Samples_____ . No. of Pieces Spec. No Copies to__3070 - RCox —1CE
. DEPT. NO. NAME
‘ 3070 - Buchanan lce
Information Requested__. Make X-Ray Inspection of Welds, .__USAF - Chief, 9.C. 1lcc
FL:fm
BUTT WELDS

One unbonded aluminum dome skin part number MRNT-SKT17B, was submitted to the Quality
Control Laboratory for radiographic examination of butt welds.

Fediographic examination showed that 75 percent of the length of all welds contained linear
rosity and lack of penetration. None of these defects appeared to be deeper than 30 percent
T the weld thickness. The welds will not meet radiographic quality requirements of any

Aero Space or Commercial Code that is available to the Laboratory.

This report‘is written to supplement and clarify Qu8359.

F. C. Liscum 0. R. Borngesser
Prepared by. Approved by

} NAS 8-11900 Figure 12 NAS 8-11900
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CONCAVE FORMING AND AGING TOOL

XBAJ=MRET-SK7178

Material -~

Glass Fiber Fabric - Hess Goldsmith 'HG-63"' Glass Cloth,
.015" Thick or Equivalent

Epoxy Resin - Midcon M-500 100 Parts
Hardener - Midcon M-510 50 Parts

(Midcon Plastics Co., Wichita, Kansas)

Layup (8) Ply (approx..lZ“ thick) on Mold. Enclose in Vacuum Bag and evacuate

to 20 inches H.G. Vacuum., Heat to 200°F. and hold for (3) Hours.
. Repeat Operation until final thickness is obtained.

Final Cure Cycle for XBAJ, including last laminated fabric addition, to be:

Hours at 150°F.
Hours at 200°F.
Hours at 250°F.
Hours at 300°F,
Hours at 350°F.
Hours at 400°F.

oW wwww

Coefficieng of Linear Expansion of the laminate after cure as noted above is
12.5 X 107° per in/in/°F. when heated to 344°F.

2219-T37 Aluminum Alloy coefficient was determined to be 12.0 X 10-6 per
in/in/°F. when heated to 34L°F.

Fig. 15 Concave Forming & Aging Tool XBAJ - MR&T - SK717B

® SOEING|NO. Nas 8-11900

ISECT IPAGE
Final Report
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HRP CORE ADHESIVE BONDED TO THE OUTER SKIN

PROJ. 78.57
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Fig. 27 Development of Equations for the Trace of Bulkhead Outside Mold Lines
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FIRST UNIT

= OF
CYCLE

TIME IN HOURS

PRESSURE - 60 PSIG

Pressurization started with vacuum bag evacuated to 26" Hg.
At 7 PSI positive pressure,the vacuum was ported to the
atmosphere & autoclave pressure was increased to 60 PSIG.

Fig, 28 Aging Cycle = Outer Skin
BOEING|NO. NAS 8-11900

|SECT IPAGE
Final Report
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CYCLE

PRESSURE = 30 PSIG

Pressurization started with vacuum bag evacuated to 26" Hg,
At 7 PSI positive pressure,the vacuum was ported to the
atmosphere & autoclave pressure was increased to 30 PSIG.

Fig, 29 Cure Cycle = Outer Skin to Core Bonding
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. FIRST UNIT

335 -

R
Ehdiddg b

325~

e

315 -

TEMPERATURE
DEGREES F.

180 -}

11/2 -l 7 3/k

1
TIME IN HOURS

PRESSURE = 30 PSIG

Pressurization started with vacuum bag evacuated to 26" Hg.
At 7 PSI positive pressure the vacuum was ported to the
atmosphere and autoclave pressure was increased to 30 PSIG.

Fig. 31 Combined Adhesive Cure and Final Aging Cycle - Inner Skin

o SOEINEG|NO. NAS 8-119500
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SECOND UNIT

TIME IN HOURS

PRESSURE -~ LO PSIG

Pressurization started with vacuum bag evacuated to 26" Hg.
At 7 PSI positive pressure the vacuum was ported to the
atmosphere & autoclave pressure was increased to 4O PSIG.

Fig. 32 Aging Cycle - Outer Skin
BOEINEG |NO. ¥S 8-11900
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SECOND UNIT

CYCLE

TIME IN HOURS
PRESSURE - 30 PSIG
Pressurization started with vacuum bag evacuated to 26" Hg.

At 7 PSI positive pressure the vacuum was ported to the
atmosphere & autoclave pressure was increased to 30 PSIG.

Fig. 33 Cure Cycle - Outer Skin to Core Bonding
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. SECOND UNIT
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e —
NON~-REGULARITY

CAUSED BY BREAK
IN SEAL SYSTEM

PRESSURE - 40 PSIG

Pressurization started with vacuum bag evacuated to 26" Hg.,
At 7 PSI positive pressure the vacuum was ported to the
atmosphere & autoclave pressure was increased to 4O PSIG.

Fig.34 Aging Cycle ~ Inner Skin
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SECOND UNIT

325

TEMPERATURE
 DEGREES F.

”i;:.i,f?‘» P

TIME IN HOURS

3.40 75

5465

TIME IN HOURS

P> TEST ASSEMBLY "A" - Cured initially with outer skin to core bond.
Recured with inner skin to core bond.

TEST ASSEMBLY "B" -~ Cured with inner skin to core bond only.

PRESSURE - 40 PSIG
Pressurization started with vacuum bag evacuated to 26" Hg.

At 7 PSI positive pressure the vacuum was ported to the
atmosphere & autoclave pressure increased to 40 PSIG.

Fig. 35 Adhesive Cure Cycle - Inner Skin to Core = Pressure 40 PSIG
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AVERAGE SPACE BETWEEN
SKIN & XBAJ :=0.0361

_~—105.055 1.D. OF XBAJ
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-028-03g |c 4o -
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SKIN & XBAJ = ,0283

Fig, 36 First Unit-Comparison Between Outer Skin and the

Forming-Aging Tool-Before Aging
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POLAR CAP- AVERAGE SPACE
BETWEEN SKIN & XBAJ:.019

SKIRT - AYERAGE SPACE
BETWEEN SKIN & XBAJz,0188

AVERAGE SPACE BETWEEN
SKIN & XBAJ -.0188

77

-016-.01¢

\20°'~£30°|.018-.019

..a\0

. 105.064 1.0. OF XBAJ—" i TS—106.848 1.0. OF XBAJ

.022

0z
.03~ 021 |.0n-.00

\—-IO#.9l3 I.D. OF XBAJ

105.051 1.D.OF XBAJ—/

Fig. 37 First Unit - Comparison Between Outer Skin and the
Forming-Aging Tool - After Aging
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020°|.0i9
.022| 610"

Fig, 38 First Unit - Comparison Between Bonded Assembly and
the Forming-Aging Tool - Free State Measurements
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Fig, 39 First Unit - Comparison Between Bonded Assembly and
the Forming-Aging Tool - Seated with 24"Hg, Vacuum,
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Fig. 4O Second Unit - Comparison Between Outer Skin and the
Forming-Aging Tool ~ Before Aging
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r|04.9|l 1.D. OF XBAJ
INDER PT.

N

/—|05.I02 1.0. OF XBAJ

/‘IOS.ZIS 1L.D. OF XBAJ

.0235

«——105.075 1.0. OF XBAJ

5510

<¥20°|.0235
o
o
o
.3
.0315 | 5¢€0°

-0158

——05.052 1.0. OF XBAJ

«52°

'oass

\|04.7s| 1.0. OF XBAJ

\104.622 1.0. OF XBAJ
\—|o4.suz 1.D. OF XBAU

\—I04.TOI 1.D. OF XBAJ

Ll04,845 1LD. OF XBAJ

XBAJ = Concave Forming and Aging Tool

Fig. 41 Second Unit -~ Comparison Between Bonded Assembly and
the Forming-Aging Tool - Free State Measurements

® SOEING|NO. WS 8-11900

| sECT | PAGE
Final Report




104.911 {.D. OF XBAaJ

INDEX PT.
77+
/—IOS.IOZ 1.0D. OF XBAJ

/—lOS.ZIS LD, OF XBAJ

/—I05.2I| 1.0. OF XBAJ

/“IO5.2I7 1.0. OF XBAJ

-——105.075 1.D. OF XBAJ

g10'}.0185
[3
»
o

10°]|.014

*——105.052 1.D.OF XBAJ

\|o4.7s| 1.D. OF XBAJ

N \-104.622 1.0. OF XBAJ
\ 104.612 1.D. OF XBAUY

\—l04.70l I.D. OF XBAY

LIO4.845 1.D. OF XBAJ

XBAJ - Concave Forming and Aging Tool

Fig. 42 Second Unit - Comparison Between Bonded Assembly and
the Forming-Aging Tool - Seated with 26,5"Hg. Vacuum
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COMPA

COMPOSITE BULKHEAD ASSEMBLY NO. | (Readin
Index 2 3 b 5 6 T7 ¢
000 _
Mills
OUTER SKIN (MReT-SK717B-1) BEFORE AGING (SEE FIG. 36)
skirt 53-37 | 16-19 | 19-27 | 18-13 | 17-17 | 20-22 [ 13-13 | 1§
Mid-Point 43-33 | 28-28 | 28-28 | 28-28 28 | 33-43 | 28-38 | a2t
Polar Cap 53 23 38 28 33 53 33
OUTER SKIN (MRET~SK717B-1) AFTER AGING (SEE FIG. 37)
Skirt 26-15 { 12-13 | 13-17| 16-14 | 12-11 13-14 } 11-09 | 11
Mid-Point 16-16 | 21-16 | 16-18 | 18-16 | 23-14 | 21-25 | 23-19 | 1¢f
Polar Cap _ 18 15 17 15 17 26 14
FREE STATE READINGS (ASSEMBLY SEATED WITH TWO (2) INCt
Skirt 22 17 17 20 19 17 17
Mid-Point 2l 23 15 22 23 19 22
Polar Cap 32 28 22 21 26 31 28
ASSEMBLY SEATED WITH 24.0 INCHES H.G. VACUUM (SEE FIG.
Skirt 14 12 15 16 15 13 15
Mid-Point ’ 25 20 17 22 23 21 20
Polar Cap 30 27 24 26 27 27 26
COMPOSITE BULKHEAD ASSEMBLY NO. 2
FREE STATE READINGS
Skirt Contact -m = | Coni
Mid-Poi Not mg&su[ed orl Second Pnit
Polar Cap 140 240 230 200 300 280 280
FREE STATE READINGS (ASSEMBLY SEATED WITH TWO (2) INCH
Skigt 16,5 | 20.5 16,51 1551 15.5 1550 1551 1
Mid-Point 24,5 | 26.5 24,51 295 | 35.5 33.5 | 36.5
Polar Cap 84,5 | 8u.g ob.5 | 755 | 72.5 66.5 [ 81.5 ¢
ASSEMBLY SEATED WITH 26.5 INCHES H.G. VACUUM (SEE FIG,
Skirt 17.] 15.5 19 16 17 17 17
Mid-Point 20 17 17 16 16 17 22
Polar Cap @ 48 50 8@ 5l 57 59¢ 57

® Indicates Weld Land Between Readings.

REV SYM:

E-305%7




1ISON OF ASSEMBLY AND COMPONENTS TO FORMING

AGING TOOL

s taken clockwise from index point with bulkhead polar cap down)

97 10

12 IIB

157 16

8 ]

n 14 17

-18| 22-14 | 18-22 | 16-19| 22-19 | 30-31 [ 13-17 | 20-15 [ NA-28| 23-24 | 84-69
-23 | 23-23 | 28-28 | 23-23 | 28-28 | 28-28 | 23-23 | 33-28 | 28-38| 23-23 | 28-23
38 23 28 28 33 28 33 28 48 43 38
=17] 13-18 | 13-13 14-15] 13-14 | 17-15 | i4-13 | 11-15 | 21-17} 13-12 } 22-33
=22 19-22 | 18-16 | 18-13} 16-11 | 21-13 | 20-22 | 22-28 | 27-21| 18-16 | 21-23
19 14 21 20 33 16 18 23 23 23 17
ES H.G. VACUUM (SEE FIG. 38)
18 18 15 17 19 20 15 15 20 17 28
20 21 20 20 19 19 19 18 22 17 20
23 18 21 28 31 34 33 32 38 L0 38
39)
14 13 15 15 15 17 13 14 16 16 18
21 23 2 21 21 25 21 21 18 16 16
2L 27 23 22 22 27 22 23 25 24 18

(SEE FIG. 40)
act 25 25 [Contact | & | Contact 10 Eontact {(
320 340 300 300 200 110 70 40 70 80 20
ES H.G. VACUUM (SEE FIG, Li)
-5 18.5 | 16.5 16.5 18 17 21.5 20 16 19 17
5.5] 41.5 | 31. 32.5| 35.5 | 30.5 30.5| 265 28.5| 25.5] 24.5
3.61 79.5] 985 ] 8.5] 8851 845 26.5| 71.5| 65.5} 71.5] 67.5
42)
18 19 17 18 18 17 15.5 16.5 18 17 17
22 19| 18.5 20 18 15 19 19 19 15 18
55 52 P 56 5 50 L7 42 39/ 38.5] 38.5

Fig. 43 Summation of Comparison Work

a2

7




19 20 21 T 22 23 24 Tms. Min. | Avg.
.000
Mills
98-70{ 26-26 | 27-34 35-27| 21-19] 40-51 98 13 28.3
28-23 | 28-33 | 38-38 | 43-33] 38-25] 33-43 L3 231 29.7
38 L8 38 28 48 38 53 23] 36.1
28-19| 17-14 [ 13-17 21-15] 13-12] 15-22 28 09 16.6
18-18 | 21-17 | 16-16 21-28| 21-20]| 17-23 28 A 18.8
13 18 20 8 20 19 33 13 19
29 24 18 23 15 21 29 15 19.6
19 25 20 20 19 18 25 15 20,2
43 47 L1] L b5 uh L7 18] 32.8
21 14, 14 17 15 17 21 12 15.3
15 20 18 18 18 19 25 5] 23.0
25 28 17 29 30 30 30 17 25.0
12 Cmtgﬁ_*g————g-_g_qm;ict 25 10 15,6
20 100 80 70 130 170 340 100 166
18 20.5 20.5 16 19 20 21.5 15.51 17,79
23.5 23.5 22.5 16.5 18 21 4.5 16.5| 24.07
66.5 69.5 71.5 13 81 80 98.5 65.5| 78.52
14 17 19 17 19 18.5 19 4] 17.25
18 17 17.5 17 17 43 43 15] 19.06
40 h2| 42.5 L iy 16 47@ 59| 38.5( uB.14
Sheets BOEING | NO. NAS 8-11900

[sect
Final Report

3

| PAGE

7




! THE « 727[_;?”/:‘,5 COMPANY

|

‘ INS 478 W R12
! . MILITARY AIRPLANE O/ vISION WICHITA BRANCH
i

i . WICHITA, KANSAS, 67210
t

@ QUALITY CONTROL LABORATORY REPORT QQ___ 18358
Date. (",'L??"(’d__Submiﬂed by 3070 ~ Ray Cox Prepared by 1810 -~ F, Liscum —
DEPT. NO, INSP. OR SHOP SYPV, DEPT. NO. NAME PHONE
Description: RN._.._____ . —_ Part No._ T LT=SKT17B P.O ___Quantity Rec'd 1
Material___ Iloneycomb Dome Assembly Vendor
No. of Samples o _No. of Pieces Spec. No.________ __Copiesto 3070 - PCox 9”335{
DEPT. NO. NAME
. 3070 ~ HBuchanan 1lcc
Make radiographic exarrination USAF =~ Chief,0.Cs lcc

Information Requested
S S S

of crown and dome areae

| FCL:mm

|

‘ HONEYCOMB DOME ASSEMBLY

One honeycomb dome assembly, P/N MRNT-SK717B, was submitted to the Quality

f ‘) Control Laboratory for radiographic examination of the crowm and skirt area.
‘ E

Radiographic examination showed that the adhesive was evenly distributed.
A1l splices were well fitted and bonded. There were no crushed cells or
node separation. The general quality of the core was excellent,

Linear porosity and lack of peneiration were seen as the main defects on
radiosraphs of the weldses Short pieces of thermocouple wire were also.
shown on the radiographs and were visible at the base of welds numbered

1, 7 and 7B, None of the weld defects appeared to be more than 30% of the

weld thickness.
The films were filed in the Quality Control Laboratory. The part was re=

‘ turned to 3070 - Ray Cox.

‘f)

Fo Co Liscum Approved by O.R. Borngesser
Figure L4 NAS 8-11900

Prepared by.




THie “'17'/ ..7' COMPANY

i S 438 W R1
MILITARY AIRPLANE DIVISION - WICHITA BRANCH
i . T WICHITA, KANSAS, 67210
'@  QUALITY CONTRUL LABORATORY REPORT (Q__ogiz
Date ___ 11 f‘.lg:‘_f)i.Submiﬂed by. 3070 = Ray Cox : Prepared by 1810 ~ F, Tiscum
DEPT. NO, INSP. OR SHOP SUPV, DEPY. NO. NAME PHONE
Description: R.N.__ Part No. 1EST=SKT173 P.O Quantity Rec'd
Material Honeycomb Dome Asscmbly Vendor.
No. of Samples_____ 1 _ No. of Pieces 1 Spec. No Copies to_3070 ~ RCox /16
. : DEPT, NO. NAME
i , 3070 - MBuchanan lcc
Information Requested ikke radiorraphic inspection of crcwn area, . USAF - Chief,Q.Cs lcc

skirt area and one 1} x 17 inch area in
center of each gore.

HONEYCOMB DOME ASSEMBLY

i
3

One honeycorb dome assembly, part number MRST-SX7T17B, serial number 2,
‘ was, submitted to the Laboratory for radiographic examination,

Radiosraphic examination was made of the skirt and crown areas and of a
1} x 17 inch area in the center of each gore. This examination showed
that the adhesive was evenly distributed. A1l splices were well fitted
and bonded. There were no crushed cells or node separations. The general

quality of the core was goode

The weld would not meet current Military weld standards due to linear
porosity and/or lack of penetration.

The films were filed in the Quality Control Laboratory. The dome was
returned to 3070 - Ray Coxe.

F.C. Liscunm Approved by, 0.R. Zorngesser

Prepared by.
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CONFIGURATION ANALY _ (S

Measurement of the completed part was »ade bty the use of a template develouped
by the cquation of the bulkhead, X2 + 2v4 = 52.52, with ,U30" step back aloné
the contour to allow for the weld land. This set back produced a new majorv
axis, @ = 52.47" and a new minor axis, b = 37.093". From the new a and b,

the ellipse equation becomes:

x2 v2
2753.101 * 7375.591 = !

Eq. (1) or X2 + 2.0009v2 = 52 472

Y
Template condour (X 2.009 ;,“, s2.u1 %)
o33Mess—F | [V
. L Bt Y —R
GRS ST TR o, 2am)
Final Part Contour / AN
P, (40999, 23.13) PN
? ' AR OV Cailculated
. —— Q20 M d
| | &)
; g \\
i
Hi
¥ i : e W
2k Saw€~-”>1“~@2°

(A) 5247 - -

Measurement to the finished part, from and normal to the template, at the pole
was .033" (average); measurement at the major axis was .020" (average). At a
point Py with Y = 23.14'", the distance to the part was .020" (average). (A)

The template.was set to coincide with the major and minor axes of the finished

part.(Ref. Tabulation, Fig. 43).
Fig. L6

Pg.l of 2




Establishing an equation of the theretical suiface of the part using . cse
measurements and adjusting tor the polar depression as follows:

a = 52.470" -~ ,020" = 52.45" and b = 37.093'" - .020'" = 37.073"

Eq. (2) x2 , Y2 _ 2 2
— — = 1 or X%+ 2,0016Y2 = 52,452
52.452 37.073

To determine the actual deviation of the surface of the part at point Py from
the template to the theoretical surface at P, we substitute Y = 23.14 in Eq.(1):
—\52.472 - 2.0009 (23.14)2

ky.016"

X

[}

i

]

X
The slope of a line normal to the templatg at Py (41.016, 23.14) is

a2y 52.472 X 23.14

b2y, - 37.0932 x 41.016 ~ 1133

it

Equation of the line normal at P, = Y - Y, M (X - Xg)

Eq. (3)  1.133X - Y - 23.331 = 0

P, the intersection of the normal line with the theoretical surface is found
by simultaneous solution of the equations of the ellipse (2) and the line (3).
This yields X = 40.999'" and Y = 23.13'"\.

Using the equation of distance between two points

d = ~Y(X - x))2 + (¥ - ¥p)2

we have D = .0|7"

a difference from the measured distance, .020', of only .003'.

. Fig. 46
‘Pg. 2 of 2
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